Constraints on the Wtb vertex from early LHC data by Aguilar-Saavedra, J. A. et al.
ar
X
iv
:1
10
5.
01
17
v1
  [
he
p-
ph
]  
30
 A
pr
 20
11
Constraints on the Wtb vertex from early LHC data
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We use the recent measurements of top quark decay asymmetries in ATLAS and the t-channel
single top cross section in CMS to set the first combined LHC limits on the Wtb vertex. This
combination allows to obtain much better limits than the separate measurements. The resulting
constraints are comparable, although still weaker, than the ones obtained using Tevatron data with
much more statistics.
I. INTRODUCTION
The arrival of the first LHC data starts a new era in
precision studies of the top quark properties. Even with
the few statistics collected in 2010, the CMS and ATLAS
collaborations have been able to present useful, and often
competitive, measurements and limits on new physics re-
lated to the top quark. In particular, a first glance at
the top decay has been given through the study of W
helicity fractions and related observables [1]. Production
cross sections have been measured both for tt¯ pairs [2, 3]
and for single top quarks [4, 5]. The aim of this note is
to provide a first combined limit on new physics contri-
butions to the Wtb vertex using top decay observables
and single top cross sections measured at LHC, to show
the important improvement brought by this combination
with real LHC data.
We work in an effective field theory framework [6]
to parameterise the effect of heavy new physics on the
Wtb interaction. Upon electroweak symmetry breaking,
the most general Wtb vertex including corrections from
dimension-six gauge invariant operators is [7]
LWtb = − g√
2
b¯ γµ (VLPL + VRPR) t W
−
µ
− g√
2
b¯
iσµνqν
MW
(gLPL + gRPR) t W
−
µ +H.c. ,
(1)
with VL, VR, gL, gR complex dimensionless constants.
In the Standard Model (SM), the Wtb vertex in Eq. (1)
reduces to VL = Vtb ≃ 1 at the tree level. Corrections
to this coupling, as well as non-zero anomalous couplings
VR, gL and gR can be generated by heavy new physics.
These anomalous couplings can be probed in top decays
through the measurement of the W helicity fractions [8]
or directly related observables [9, 10]. In the produc-
tion, they can be probed with a measurement of the sin-
gle top cross sections [11–13]. The combination of both
production and decay observables to constrain the Wtb
vertex has already been discussed extensively in the liter-
ature [13–16]. In this note we follow Refs. [13, 15] and use
the dedicated code TopFit to perform a combination of
top decay observables and single top cross sections, mea-
sured either at LHC or at Tevatron, to obtain constraints
on anomalous Wtb couplings.
II. COLLIDER OBSERVABLES FOR Wtb
ANOMALOUS COUPLINGS
A. Top decay
At Tevatron, the W helicity fractions in the decay
t→Wb have been precisely measured by both the CDF
and D0 collaborations. We use the latest results for the
semileptonic tt¯ decay channel from CDF [17]
F0 = 0.88± 0.11 (stat)± 0.06 (syst) ,
F+ = −0.15± 0.07 (stat)± 0.06 (syst) , (2)
with a correlation coefficient ρ = −0.59, assuming a top
quark mass mt = 175 GeV. The combination of semilep-
tonic and dilepton decay channels from D0 gives [18],
F0 = 0.669± 0.078 (stat)± 0.065 (syst) ,
F+ = 0.023± 0.041 (stat)± 0.034 (syst) , (3)
with ρ = −0.83, assuming a top quark mass mt = 172.5
GeV. We do not include a CDF measurement in the dilep-
ton decay channel [19] (with a smaller sensitivity) be-
cause correlations with the limit from the semileptonic
channel are not known to us. We also assume that cor-
relations among the systematic uncertainties present in
both experiments can be neglected.
For LHC, rather than using the helicity fraction them-
selves, we use angular asymmetries A± on the cos θ
∗
ℓ dis-
tribution, where θ∗ℓ is the angle between the charged lep-
ton momentum in the W rest frame and the W momen-
tum in the top quark rest frame. These asymmetries
are [10],
A± =
N(cos θ∗ℓ > z±)−N(cos θ∗ℓ < z±)
N(cos θ∗ℓ > z±) +N(cos θ
∗
ℓ < z±)
, (4)
where N stands for the number of events and z± =
∓(22/3−1). They are better suited than the helicity frac-
tions for setting constraints on anomalousWtb couplings
2with low statistics, and have been measured by ATLAS
using approximately 35 pb−1 of data, in tt¯ production
with decays into the semileptonic channel,
A+ = 0.50± 0.10 (stat)± 0.06 (syst) (e) ,
A− = −0.85± 0.07 (stat)± 0.05 (syst) (e) ,
A+ = 0.50± 0.08 (stat)± 0.04 (syst) (µ) ,
A− = −0.87± 0.04 (stat)± 0.03 (syst) (µ) . (5)
The correlation between A+ and A− is ρ = 0.16 for each
decay channel e, µ. The top quark mass is taken as mt =
172.5 GeV.
B. Single top production
The CDF and D0 collaborations have provided evi-
dence for single top production at Tevatron. In our fits
we use the combined measurement from both experi-
ments [20] of the cross sections for s + t channel pro-
duction,
σs+t = 2.76
+0.58
−0.47 pb , (6)
which assumes mt = 170 GeV. Separate measurements
for s- and t-channel production are available but their
precision is lower and the resulting constraints on anoma-
lousWtb couplings are weaker. We ignore possible (likely
small) correlations between the systematic uncertainties
for this cross section measurement and helicity fractions.
At LHC, both CMS and ATLAS have provided mea-
surements of the t-channel single top cross section at 7
TeV [4, 5],
σt = 83.6± 30.0 pb (CMS) ,
σt = 53
+46
−36 pb (ATLAS) , (7)
taking mt = 172.5 GeV. The former measurement has
a better precision while the latter has the central value
closest to the SM next-to-leading order cross section
σt = 61.9± 2.7 pb [21].1 Hence, both measurements pro-
vide very similar limits onWtb anomalous couplings, and
we use the one from CMS to avoid possible systematic
uncertainty correlations with the top decay asymmetries
(measured by ATLAS) which would have to be addressed
in detail otherwise.
III. LIMITS
Limits on theWtb couplings in Eq. (1) are set by using
TopFit which implements the analytical expressions of
1 This value assumes mt = 173 GeV but the difference with
mt = 172.5 GeV, used in the fits, is negligible compared to the
experimental uncertainty.
W helicity fractions and related observables [10], as well
as the single top cross sections [13], in terms of VL, VR,
gL and gR. For a top quark mass mt = 172.5 GeV (as
assumed for the recent LHC measurements), MW = 80.4
GeV and mb = 4.8 GeV, the SM tree-level prediction for
helicity fractions is F0 = 0.696, F+ = 3.8 × 10−4, and
for the related asymmetries A+ = 0.543, A− = −0.841.
We have explicitly checked that the variation in the lim-
its when using mt = 170, 175 GeV but keeping the same
experimental values is minimal. QCD corrections [22]
are much smaller than the experimental uncertainty, and
are therefore ignored. The SM single top cross sections
for Tevatron and LHC are taken as σs+t = 2.86 ± 0.36
pb [23], σt = 61.9± 2.7 pb [21], respectively. Corrections
to these cross section from anomalous couplings are eval-
uated using Protos [13].
Due to the limited single top statistics —even at
Tevatron— and the need for further independent observ-
ables still to be measured, a global fit to the general com-
plexWtb vertex, as proposed in Ref. [15], is not possible.
Instead, we focus here on subsets of couplings, assuming
for the rest their SM value. This approach is, albeit not
the most general, perfectly consistent because the dif-
ferent couplings arise from different gauge-invariant op-
erators. We also assume that anomalous couplings are
real (VL can be taken real and positive by definition). It
must be pointed out, in addition, that we ignore possi-
ble four-fermion contributions to the t-channel single top
cross sections [24, 25]. In an effective operator frame-
work, there are several dimension-six four-fermion oper-
ators which potentially contribute to this process. Being
gauge-invariant, their contribution can be ignored with-
out losing internal consistency; we remark again that this
approach is not the most general one but it is necessary
with the presently available data.
We present in Fig. 1 representative limits from single
top production measured at CMS and top decay asym-
metries measured in ATLAS. The left panel corresponds
to the limits on (VL, VR) assuming gL = gR = 0. The
complementarity of both measurements is beautifully de-
picted here: the intersection of the arc-shaped region
from σt and the triangle from A± gives a much more
stringent limit than the separate measurements. On
the right panel we present the limits on (gL, gR) assum-
ing VL = 1, VR = 0. Again, the combination of both
measurements is very powerful and almost removes the
large gR region present in the limit from A±. The result-
ing combined LHC limits are shown in Fig. 2, including
also the analogous ones from Tevatron. We observe that
these early LHC limits are not too far from the Tevatron
ones, despite the still small statistics available. And they
will readily improve in the near future with the new data
being collected by the LHC experiments with a quickly
growing integrated luminosity.
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FIG. 1. LHC limits on VL, VR (left) and gL, gR (right) from top decays and single top production.
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FIG. 2. Comparison of LHC and Tevatron combined limits on VL, VR (left) and gL, gR (right).
IV. CONCLUSIONS
In this note we have used the measurements of top de-
cay asymmetries and single top production cross sections
from ATLAS and CMS, respectively, in order to obtain
the first combined limits on the Wtb vertex using LHC
data. We have shown, with few selected examples, the
great benefit of such combination already at the early
LHC phase, when top decay observables are still dom-
inated by statistics and the relative error of the single
top cross section is above 30%. We advocate for the im-
plementation of these combined limits, not only within
a single experiment but including all available data from
CMS and ATLAS, to provide constraints as stringent as
possible on anomalous Wtb couplings.
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